of HLA-DQB1 are significantly associated with the risk of PNS. The results of this study suggest a potential contribution of HLA-DQA1 gene in the pathogenesis of PNS.
| MATERIAL S AND ME THODS

| Patients
All participants (including PNS patients and healthy controls)
were enrolled in the study between January 1, 2015, and December 31, 2017, in Xuzhou Children's Hospital and in Chinese Han population. Written consent was obtained from legal guardians of all participants with a full rationalization of the procedure. The look of this study was approved by the ethics panel of Xuzhou Children's Hospital in accordance with the declaration of national capital. PNS patients were diagnosed by PNS specialists through clinical examinations. Criteria for enrollment as an impact enclosed no history of nephrosis, traditional diagnosis, and no puffiness.
| DNA genotyping
DNA of patients and control population was obtained from blood samples using the QIAamp DNA Blood Mini Kit (QIAGEN, Valencia, CA, USA). PCR system was used to capture selected SNPs. The PCR products were sequenced by ABI-PRISM 3730 genetic analyzer (Sequenom, Inc., San Diego, CA, USA). We genotyped four SNPs in the HLA-DQA1 gene and four SNPs in the HLA-DQB1 gene. All the eight SNPs with minor allele frequencies (MAF) > 0.1 in the Chinese population were selected from the dbSNP database (www.ncbi.nlm.
nih.gov/SNP). All the eight SNPs were missense SNPs. 
| Statistical analysis
Statistical analysis was performed with R (version 3.4.1; RStudio, Boston, MA, USA). The discrepancies in genotype frequencies and allele at single loci between PNS patients and healthy controls were determined by Chi-square test. Hardy-Weinberg equilibrium (HWE) test was performed using SPSS. The relative risk was determined by the odds ratio (OR), and a 95% confidence interval (CI) was estimated for each OR. Linkage disequilibrium (LD) was determined by R 2 . P-values are two-tailed, and the cut line of statistical significance was 0.05.
| RE SULTS
| rs1129740 and rs1047992 are associated with PNS
The case-control study consisted of 501 PNS patients (297 boys and 207 girls with a mean age ± SD of 4.8 ± 3.76 years) and 532 healthy controls (289 boys and 243 girls with a mean age ± SD of 5.16 ± 4.26 years)
( Table 1 ). The distribution of the genotypes of the eight SNPs was in HWE in all the controls and in most of the patients, except for rs1129740
and rs1047992 in PNS patients. There were no significant differences in allele frequencies or genotype frequencies between PNS patients (n = 501) and controls (n = 532) for six SNPs ( Table 2 ). The allele frequencies and genotype frequencies of rs1129740 and rs1047992 are significantly different between PNS patients and controls (P < 0.05).
The G allele frequency of rs1129740 was higher in PNS patients than in controls (P = 0. 00177049, odds ratio (OR) = 1.987, 95% confidence interval (CI) = 1.468-2.652). The A allele frequency of rs1047992 was higher in PNS patients than in controls (OR = 1.857, 95% CI = 1.325-2.391, P = 1.1073E-10). The genotype frequencies of rs1129740 (P = 0.00014265) and rs1047992 (P = 0.7.916E-10) are significantly different between PNS patients and controls, respectively. There are no significant differences between PNS patients and controls in either allele frequencies or genotype frequencies in the other six SNPs.
| Linkage disequilibrium analysis
The result of the linkage disequilibrium (LD) analysis between the eight SNPs indicated that no SNP pairs exhibited strong LD (R 2 > 0.8) (Figure 1 ). These SNPs pairs in this study only showed modest or weak LD (Table 3) . It revealed that these SNPs play their roles independently in the studied population. Therefore, no haplotypes were built in this study.
| D ISCUSS I ON
Primary nephrotic syndrome (PNS) is a childhood kidney disorder that featured by edema, hypoalbuminemia, hyperlipidemia, and massive proteinuria and suffered. 1,2 Recent studies suggested that genetic factors, such as single nucleotide polymorphisms (SNPs) of genes, might justify, a minimum of partially, the risk of many types of diseases, [14] [15] [16] as well as children PNS. 6, 7 In this study, we found significant associations between missense SNP rs1129740 (odds ratio (OR) = 1.987, 95% confidence interval (CI) = 1.468-2.652, P = 0.00177049) and rs1047992 (OR = 1.857, 95% CI = 1.325-2.391, P = 1.1073E-10) of the HLA-DQA1 gene and the risk of children PNS.
The human leukocyte antigen (HLA) is a gene family encoding the major histocompatibility complex (MHC) proteins, which are liable for the regulation of the immune system in humans. 8 HLA genes area unit extremely polymorphic and play important roles in various diseases. [17] [18] [19] Studies of smaller sample size from totally different populations have antecedently reportable association between SNPs in HLA-DQA1 and HLA-DQB1 and childhood-onset steroidsensitive nephrotic syndrome 13 , which was limited by sample sizes and was restricted to different population. [20] [21] [22] The lack of LD between rs1129740 and rs1047992, which are the SNPs associated with PNS, in this study suggests that the loci found in this study could represent independent mechanism. The rs1129740 is the risk locus for childhood-onset steroid-sensitive and steroid-resistant nephrotic syndrome. 13, 23 The further finding of HLA loci related to the PNS suggests that all of them share an underlying immune-mediated mechanism in illness pathological process. 24, 25 Our ability to duplicate this locus in a totally different population implied the fact that the risk factor rs1129740 might not be population specific. Meanwhile, the newly identified rs1047992 might be a new risk factor for PNS in Chinese population.
Generally, this study discovered the association of rs1129740
and rs1047992 on HLA-DQA1 with the risk of PNS in Chinese Han population. It extends our knowledge on the pathogenesis of PNS and may promote diagnostic and therapeutic strategies for PNS.
AUTHOR S CONTRIBUTI ON
Bingbing Zhu, Lijun Tian, and Huandan Yang performed the experiments. Tingting Yuan, Juan Lv, and Qianqian Peng analyzed the data.
Ruifeng Zhang wrote and edited the manuscript.
O RCI D
Ruifeng Zhang http://orcid.org/0000-0003-4396-9228
R E FE R E N C E S
